Reversible pulmonary trunk banding. II. An experimental model for rapid pulmonary ventricular hypertrophy  by Dias, Carlos A. et al.
Reversible pulmonary trunk banding. II. An experimental
model for rapid pulmonary ventricular hypertrophy
Carlos A. Dias, MD
Renato S. Assad, MD
Luiz F. Caneo, MD
Maria Cristina D. Abduch, VMD
Vera D. Aiello, MD
Altamiro R. Dias, MD
Miguel Barbero Marcial, MD
Se´rgio A. Oliveira, MD
Objective: An experimental model with a reversible pulmonary
trunk banding device was developed with the aim of inducing rapid
ventricular hypertrophy. The device consists of an insufflatable cuff
connected to a self-sealing button.
Methods: The right ventricles of 7 young goats (average weight,
8.7 kg) were submitted to systolic overload and evaluated accord-
ing to the hemodynamic, echocardiographic, and morphologic as-
pects. Baseline biopsy specimens were taken from the myocardium
for microscopic analysis. The device was implanted on the pulmo-
nary trunk and inflated so that a 0.7 right ventricular/left ventricular
pressure ratio was achieved. Echocardiographic and hemodynamic evaluations were
performed every 24 hours. Systolic overload was maintained for 96 hours. The
animals were then killed for morphologic study. Another 9 goats (average weight,
7.7 kg) were used for control right ventricular weight.
Results: The systolic right ventricular/pulmonary trunk pressure gradient varied
from 10.1 4.3 mm Hg (baseline) to 60.0 11.0 mm Hg (final). Consequently, the
right ventricular/left ventricular pressure ratio increased from 0.29 0.06 to 1.04
0.14. The protocol group showed a 74% increase in right ventricular mass when
compared with the control group. Serial 2-dimensional echocardiography showed a
66% increase in right ventricular wall thickness. There was a 24% increase in the
mean myocyte perimeter, and the myocyte area increased 61%.
Conclusions: The device is easily adjustable percutaneously, enabling right ventric-
ular hypertrophy in 96 hours of gradual systolic overload. This study suggests that
the adjustable pulmonary trunk banding might provide better results for the 2-stage
Jatene operation and for the failed atrial switch operations to convert to the
double-switch operation.
The Jatene operation is the treatment of choice for transposition of thegreat arteries (TGA).1,2 Retraining of the left ventricle is necessary inpatients with TGA beyond the neonatal period and in congenitallycorrected TGA or after Senning or Mustard operations with rightventricular (RV) failure. In these cases the repair should be per-formed in 2 stages.3,4
We still have a considerable number of patients with late referral for the Jatene
operation. However, we were not able to reproduce the excellent Boston experience
of rapid left ventricular (LV) preparation,4 probably related to the lack of pulmonary
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trunk (PT) banding adjustment, which has been done em-
pirically. The degree of PT banding might be inadequate or
imprecise, causing an important acute systolic overload on
the left ventricle, which in turn would impair late ventricular
function.5-8
We developed an experimental model designed to adjust
PT banding percutaneously and to induce rapid pulmonary
ventricular hypertrophy. The RV changes caused by the PT
banding device were evaluated according to hemodynamic,
echocardiographic, and morphologic aspects after 96 hours
of uninterrupted gradual systolic overload.
Materials and Methods
Anesthesia
Seven young goats, 30 to 60 days old and with a mean weight of
8.7  2.4 kg, were studied. Another 9 goats, with similar age and
a mean weight of 7.7  1.2 kg, were used as a control group for
RV weight evaluation. Anesthesia was induced with ketamine (50
mg  kg–1). A jugular venous line was placed for drug infusions.
Each animal was then sedated with pentobarbital sodium (Nem-
butal; 5-10 mg  kg–1 administered intravenously) and then venti-
lated through a tracheal tube with 100% oxygen (Harvard 708).
Electrocardiographic and blood pressure measurements were taken
through computer software (ACQknowledge 3.01, Biopac Sys-
tems, Inc). The goat was then prepared for sterile surgical proce-
dure. Goats received 500 mg of cefazolin and 10 mg of gentamicin
intramuscularly every 12 hours, beginning just before the opera-
tion.
PT Banding Device
Figure 1 shows the 3 components of the banding device: banding
ring, extension tube, and insufflation button. The banding ring
(Hazen Everett Co) is a U-shaped hydraulic cuff with a 10-mm
internal diameter and a 5-mm width. Its outer layer consists of
1-mm-thick rigid silicone, which keeps it from deforming. The
inner surface has a deformable layer of silicone, which expands,
compressing the lumen of the vessel according to the volume
injected into the inflation button. At the 2 ends of the cuff, there are
small orifices that are used for securing the ring to the PT. The
extension tube, also made of silicone, links the banding ring with
the insufflation button. It has a 2-mm inner diameter and is 25 cm
long. The inflation button (Bard Access System) is a circular
reservoir made of self-sealing silicone, the base of which includes
a metal plate. The reservoir has a port, which is connected to the
extension tube. This button is implanted subcutaneously, thus
permitting the inflation or deflation of the banding ring percuta-
neously.
Procedure
The chest was opened at the fourth left intercostal space to expose
the descending aorta and the RV outflow tract. A purse-string
suture (5-0 polypropylene) was placed in the aorta to insert a
16-gauge catheter (Bard Co) for systemic blood pressure monitor-
ing. Two additional 16-gauge catheters were implanted, one in the
right ventricle and another distally in the PT, and fixed in position
with a 5-0 polypropylene purse-string suture. All the catheters
were kept heparinized and then exteriorized through the chest wall.
The PT was then dissected free for banding device placement. The
banding ring was wrapped around the PT, and its ends were
sutured together and secured on the adventitia with polypropylene
5-0 sutures just above the pulmonary valve level. The extension
tube of the banding ring was brought out through the third inter-
costal space and connected to the insufflation button, which was
lodged subcutaneously in the chest wall. The inflation button was
tested, and all of the air in the system was evacuated. The ribs were
approximated after placing a small drainage catheter in the left
pleural space, and the soft tissues were closed. After 4 to 6 hours
of postoperative care, the pleural catheter was then removed.
Echocardiographic Studies
All examinations included 2-dimensional and M-mode echocar-
diographic imaging of the ventricles from the right parasternal
view with 2.5- and 5-MHZ transducers (Ultramark 4, Advanced
Technology Laboratories). Initial evaluation confirmed a RV free
wall thickness smaller than that of the left ventricle. Postoperative
Figure 1. PT banding device consisting of 3 parts: banding ring, extension tube, and self-sealing inflation but-
ton.
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evaluation of induced hypertrophy was performed with intervals of
24 hours. The following parameters were observed: (1) RV, LV,
and septal wall thicknesses; (2) RV/PT pressure gradient; and (3)
presence of effusions.
Protocol
All animals received humane care in compliance with the “Prin-
ciples of Laboratory Animal Care” formulated by the National
Society for Medical Research and the “Guide for the Care and Use
of Laboratory Animals” prepared by the National Academy of
Sciences and published by the National Institutes of Health.
Digoxin was given to all goats (0.5 g  kg–1  d–1 administered
intramuscularly). The inflation protocol of progressive RV systolic
overload was begun after full surgical recovery. After taking
baseline pressure measurements, the PT banding device was ini-
tially inflated by means of percutaneous injection of saline solution
with a 1-mL syringe under sterile conditions to achieve a 0.7
RV/LV systolic pressure ratio, as long as it did not cause more than
a 10% systemic pressure drop. The amount of water used for cuff
inflation varied from 0.1 to 0.4 mL. The volume in the banding
device was progressively incremented at 24-hour intervals, accord-
ing to animal tolerance to the pressure load. If systemic hypoten-
sion, respiratory distress, or both developed after inflation of the
banding device, it was deflated to the previous volume compatible
with maintenance of goat hemodynamics. Hemodynamic evalua-
tion was performed every 24 hours. The RV systolic overload was
carried out for 96 hours. The animals were then killed for mor-
phologic evaluation of the heart.
Morphologic Studies
Baseline myocardial samples (3 mm maximal diameter) from the
subepicardial layer of the RV outflow tract were collected for
optical microscopic studies just before catheter insertion. After 96
hours of RV systolic overload, the animals were killed, and the
positions of the catheters were checked in the right ventricle, PT,
and aorta. The hearts were then removed from the thorax. Simi-
larly, the control group animals were also killed to measure the
ventricular and septal weights.
Weight determinations. The ventricular and septal weights
were taken according to the Fulton technique (METTLER AE-200,
Mettler-Toledo AG).9 The weight measurements were indexed to
the body weight of the animal (in grams per kilogram), as sug-
gested by Bishop and Cole.10
Optical microscopy. After weight measurements, the hearts
were fixed in 10% buffered formalin for 24 hours. A transverse cut
of the ventricular mass was made 1 cm below the level of the
atrioventricular junction. Sections from the ventricular septum,
right ventricle, and left ventricle were obtained. After routine
histologic processing, 5-m sections were stained with hematox-
ylin and eosin. The perimeter and area of transversely sectioned
cardiomyocytes were measured at the level of the nucleus by
means of an image analysis system (Quantimet-Leica, Leica Cam-
bridge Ltd) at a magnification of 400. Data were collected from
140 myocytes of baseline samples and from 105 myocytes of the
ventricles subjected to 96 hours of RV systolic overload.
Statistical Analysis
Values are expressed as means SD. The paired Student t test was
used to compare the baseline data with the 96-hour data of the RV
systolic overload group under hemodynamic, echocardiographic,
and optical microscopy aspects. The unpaired Student t test was
used (GB-STAT, Dynamic Microsystems) to compare the septal
and ventricular weights. The statistical significance was set at 5%
level.
Results
During the protocol, the animals remained active, with no
clinical signs of RV decompensation. All the implanted
devices functioned adequately for water injection and suc-
tion. No migration or rupture of the device was noted nor
was there any injury to the adjacent structures caused by the
cuff or leaks through the single connection between the
extension tube and the self-sealing insufflation button.
Hemodynamic Measurements
All the animals presented with tachycardia at the end of the
protocol (baseline, 127.9  12.5 beats/min; after 96 hours
of systolic overload, 150.0  8.7 beats/min; P  .003). We
noticed a 13.6% decrease in the aortic systolic pressure
during the protocol, although no changes in LV function
were observed with echocardiography (P  .005).
After 96 hours of systolic overload, the right ventricle
showed a 217.0% increase in systolic pressure, from 22.4
4.1 mm Hg to 71.0  10.0 mm Hg, surpassing the systolic
pressure of the left ventricle (P  .0001). The RV/PT
systolic gradient varied from 10.1  4.3 mm Hg to 60.0 
11.0 mm Hg (P .0001), whereas the RV/LV pressure ratio
increased from 0.29 0.06 (before RV systolic overload) to
1.04  0.14 (after the 96-hour protocol, P  .0001). The
hemodynamic data are summarized in Table 1.
Table 2 shows the time course of RV/LV pressure ratio
response for each animal. At the initial banding, 3 animals
(nos. 2, 3, and 5) did not achieve a desired level of banding.













Baseline 127.9 12.5 79.4 6.1 22.4 4.1 10.1 4.3 0.29 0.06
96 h 150.0 8.7 68.6 3.6 71.0 10.0 60.0 11.0 1.04 0.14
P value .01 .005 .0001 .0001 .0001
Values are presented as means  SD.
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The RV/LV pressure ratios were 0.48, 0.61, and 0.51,
respectively. During the protocol, 2 animals did not tolerate
more banding at 72 hours (animal 3, RV/LV ratio of 1.07;
animal 4, RV/LV ratio of 1.33). Nevertheless, RV hyper-
trophy was achieved in all of the animals.
Echocardiographic Findings
Table 3 shows the echocardiographic data before and after
RV overload. We observed a 66% increase in the RV free
wall thickness (from 4.4  0.5 mm to 7.3  1.7 mm, P 
.002), surpassing that of the LV free wall and the septum
(5.1  0.4 mm). There were no significant changes in the
septum and LV free wall thicknesses. The RV/PT pressure
gradient, measured by means of Doppler echocardiography,
increased from 10.6  5.4 mm Hg before the protocol to
74.9  9.7 mm Hg after the 96-hour period of systolic
overload (P  .0001). The catheter pressure gradient mea-
surements are overestimated by 5% before the protocol and
by 25% at the end of 96 hours of systolic overload. Pleural
effusions were found in all the animals.
Morphologic Findings
The intimal surface of the PT appeared normal. None of the
animals demonstrated macroscopic thickening of the pul-
monary valve.
Weight of the ventricles. The RV weight from the stud-
ied animals was 74% greater than that from the control
group (0.99  0.17 vs 1.72  0.24 g/kg, P  .0001). There
was no difference between the septal and LV weights from
the studied animals compared with those in the control
group. These weight measurements are summarized in Ta-
ble 4.
Optical microscopy. Table 5 shows the results of the
perimeter and area of the cardiac fibers measured before and
after the RV systolic overload. A 27% increase in the
perimeter of the RV myocyte was found after 96 hours of
systolic overload (from 45.9  4.5 m for the baseline
condition to 58.3  9.3 m after the protocol, P  .0001).
Figure 2 presents representative pictures of the RV cardiac
myocytes of animal 6 before and after the protocol. We
noted a 69% increase of the cardiac myocyte area after the
protocol (from 132.2  25.4 m2 for the baseline condition
to 223.5 72.1 m2 after the protocol, P .0001). We did
not observe significant signs of interstitial fibrosis or extra-
cellular edema.
Discussion
The device presented in this study represents an alternative
approach not only for the LV rapid preparation in patients
with TGA and intact ventricular septum beyond the neona-
tal period but also in converting the failed Mustard or
Senning procedure to the Jatene operation or in congenitally
corrected TGA with RV failure.11-13 It was designed for
variable and reversible manipulation of the subpulmonary
ventricular afterload, regardless of the time required to
achieve that manipulation. Thus a progressive systolic over-
load can be applied to the subpulmonary ventricle, limiting
the abruptness of the acute stenosis imposed during conven-
tional PT banding.
Critique of the Preparation
This protocol analyzes some aspects of the acute RV hy-
pertrophy in a young animal model. At the present time, it
is not clear whether the response to the stimulus of the
variable systolic overload on the subpulmonary ventricle of
adult animals would be the same. In the clinical setting the
hypertrophic response of the subpulmonary ventricle has
been demonstrated to take a longer time. According to
Mavroudis and Backer,12 patients with TGA and failed
atrial inversion aged from 1.9 to 23 years took an average of
15.6 months to retrain the subpulmonary ventricle for the
2-stage Jatene operation. Ongoing studies in our laboratory
are assessing this protocol in an adult model. Blood oxim-
etry changes induced by PT banding were not evaluated in
this study. However, no clinical signs of significant hyp-
oxia, acidosis, or both were observed. Although a more
precise adjustment of RV systolic overload could be
TABLE 2. Time course of RV/LV pressure ratio response for each animal
Period of protocol (h)
Animal
Baseline 24 48 72 96
Found Left Found Left Found Left Found Left Found
1 0.32 0.81 0.49 0.89 0.75 0.90 0.80 1.10 1.00
2 0.20 0.48 0.32 0.59 0.27 0.73 0.42 0.95 1.01
3 0.24 0.61 0.33 0.96 0.56 1.04 1.07 1.07 1.01
4 0.28 0.69 0.51 0.77 0.44 0.94 1.33 1.33 1.13
5 0.23 0.51 0.36 0.71 0.32 0.71 0.53 0.56 0.79
6 0.35 0.93 0.80 0.91 0.84 0.96 0.97 1.11 1.09
7 0.37 0.93 0.88 0.92 0.80 1.05 0.93 1.06 1.22
Values are RV/LV pressure ratios of each animal subjected to 96 hours of systolic overload of the RV. Found, Pressure ratio encountered during daily
measurements before adjustments; left, daily pressure ratio adjusted.
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achieved, this model does not reflect the clinical reality of
patients with TGA and a functionally intact ventricular
septum. PT banding might not be tolerated in patients with
significant hypoxia without a Blalock-Taussig shunt. Nev-
ertheless, the adjustability of PT banding could favor a
balanced interatrial shunt in patients with TGA, thus avoid-
ing the Blalock-Taussig shunt. Furthermore, the device
could be disinsufflated at any time if serious hypoxia occurs.
Historical Notes
Some of the historical aspects conceptually related to our
prototype are described here. The idea of an adjustable
banding device composed of a hydraulic cuff and a self-
sealing button was first proposed in 1957. In fact, Jacobson
and McAllister14 proposed a device that consisted of a
rubber cuff with a lateral opening connected to a reservoir
protected by self-sealing rubber. It was used on the great
vessels of dogs, aiming at a congestive heart failure model.
Complications in handling the device were observed. In
1969, Bishop and Cole10 improved Jacobson and McAllis-
ter’s device by covering the cuff with silicone, with the aim
of reducing local tissue reaction. They induced RV hyper-
trophy and congestive heart failure in a dog model. In 1972,
Edmunds and associates15 introduced 2 main changes: an
external, nondeformable layer on the hydraulic cuff and use
of silicone instead of rubber. However, they observed asym-
metric inflation or rupture of the cuff, and leakage of the
injected material prevented clinical use. In 1985, a new
device made of biologically stable material (medical grade
silicone) was introduced by Park and colleagues.16 The cuff
was covered with reinforced braid and coated with silicone.
The self-sealing button had a silicone diaphragm that did
enable repeated needle puncture, avoiding leakage through
the button. The device implanted in dogs and lambs was
easily and effectively adjusted. In that same year, Solis and
coworkers,17 for the first time in the literature, proposed a
similar device to the previous one that was intended to
prepare the subpulmonary ventricle for the 2-stage Jatene
operation. Nevertheless, when the system was submitted to
a high gradient pressure, as in the systemic circulation,
dilation of the reservoir and the connecting tube occurred. In
addition, there was a tendency of the cuff to bulge laterally
under high pressure. In another study the same group im-
proved the strength of the material by reinforcing the cuff
and the connecting tube with a spiral of 4-0 silk to withstand
systemic arterial pressure.18 Again, they experienced bulg-
ing of the cuff caused by a loosening silk. In our study the
gradient imposed by the cuff was steady, and such defor-
mation was not observed because of a rigid and thick cuff
outer layer, which avoided centrifugal distortion when in-
sufflated.
Echocardiographic Aspects
In our protocol the calculated pressure gradients from
Doppler velocities overestimated the directly measured gra-
dients from implanted catheters. This situation could be
compared with the Venturi effect, which allows almost
complete pressure recovery after the stenotic area at the
vena contracta. Our data are corroborated by the in vitro
studies of Levine and associates,19 which have demon-
strated a greater poststenotic pressure recovery, measured
directly with a catheter, related to the extent of the obstruc-
tion, which in turn lowers the pressure gradient. These data
suggest an important advantage for Doppler gradient esti-
mation, which uses the peak velocity and provides the
TABLE 4. Weight measurements of cardiac muscle mass
indexed to body weight (in grams per kilogram)
Animals RV IVS LV
Control 0.99 0.17 1.24 0.22 1.68 0.35
Trained 1.72 0.24 1.32 0.20 1.69 0.16
P value .0001 NS NS
Values are presented as means  SD (control group, n  9; trained group
[subjected to 96 hours of systolic overload of the RV], n  7) IVS,
Interventricular septum; NS, not significant.
TABLE 5. Cardiac myocyte perimeter and area measure-
ments before and after the RV systolic overload protocol
(Quantimet-Leica image analysis system; original magnifi-







Baseline 45.9 4.5 132.2 25.4
96 h 58.3 9.3 223.5 72.1
P value .0001 .0001
Values are presented as means  SD.











Baseline 4.4 0.5 4.9 0.4 5.4 0.5 10.6 5.4
96 h 7.3 1.7 5.1 0.4 5.1 0.4 74.9 9.7
P value .002 NS NS .0001
Values are presented as means  SD. NS, Not significant.
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maximum gradient at the vena contracta, which determines
the load imposed on the proximal chamber.
Morphologic Aspects
The important increase in the overloaded RV weight could
reflect an increase in water content of the myocardium.
Under microscopic analysis, however, there was no evi-
dence of significant edema or interstitial fibrosis. Studies by
Katayama and coworkers20 showed that the increase in the
ventricular weight subjected to a 4-day period of intermit-
tent systolic overload was associated with an increase in the
dry weight of the myocardium, relating such findings to
hypertrophy of the cardiac myocyte rather than edema.
However, the magnitude of hypertrophy needed for the
Jatene operation remains unclear. Regarding the micro-
scopic analysis, the myocyte perimeter and area measure-
ments at the level of the nucleus are based on the studies of
Anversa and colleagues.21 These authors analyzed cardiac
myocytes of rats subjected to 20 hours of constriction of the
abdominal aorta. It was noted that in addition to the increase
in the protein synthesis in the myocytes, there was a 20%
increase in their area. During a longer period (13 days) of
similar systolic overload, those authors found an increase of
more than 200% in the average cross-sectional area of the
cardiac myocytes of rats.22 Data obtained in our laboratory23
using a balloon catheter to induce the RV hypertrophy of
young goats for a variable period of 9 to 20 days showed a
20% increase in the diameter (not the area) of the cardiac
myocytes. In the present study the 96 hours of RV systolic
overload induced a 69% increase in the myocyte area, which
was enough to generate systemic pressures in the right
ventricle. Actually, the ideal time and way of preparing the
subpulmonary ventricle for the 2-stage Jatene operation
remains controversial. There is evidence that nongradual
and abrupt banding, causing sudden and acute systolic over-
load, could induce significant damage to the myocardium. A
subpulmonary ventricle training program in a fashion tai-
lored to the ventricle response should be established simi-
larly to a fitness program tailored to an athlete, as mentioned
by Redington,24 thus avoiding the pathologic hypertrophy.
Therefore an adjustable banding device would be advanta-
geous for optimal ventricular training.
Implications
In our protocol a 0.7 RV/LV pressure ratio, a maximum
10% decrease in systemic systolic pressure, or both were
used as parameters for device inflation. Other authors have
used subjective criteria, such as animal clinical condition or
signs of RV failure. Clinically, other parameters to indicate
primary correction of TGA include a systolic subpulmonary
ventricular pressure of greater than 65 mm Hg25 or an
LV/RV systolic pressure ratio of greater than 0.75,26 al-
though Da¨britz and associates27 have performed primary
Jatene operations in a series of 7 patients aged 4 weeks or
older with a pulmonary/systemic pressure ratio of 0.2 to 0.5
after submitting a trial of PT banding to systemic pressure
for 15 to 30 minutes. Previous studies from our laboratory
have demonstrated an equalization of ventricular thickness
over a short interval of 6 to 10 days of more gradual balloon
inflation24 compared with the 96-hour period of the systolic
Figure 2. Microphotography of RV cardiac myocytes of animal 6 sectioned transversely at the level of the nucleus,
indicating their perimeters and respective areas: A, baseline samplings; B, samplings after 96 hours of systolic
overload. (Original magnification 400.)
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overload of the present study. It is noteworthy that some of
the animals had systemic pressure in the subpulmonary
ventricle with only 48 hours of systolic overload. However,
Boutin and coworkers5 associate the late LV dysfunction
with an extremely acute overload in patients undergoing the
2-stage Jatene operation. Such dysfunction was inversely
proportional to more rapid hypertrophy and to more serious
dysfunction after PT banding. On the other hand, patients
who present with systemic ventricular failure in corrected
TGA or after failed atrial baffle operations almost always
have associated tricuspid regurgitation. It is not clear
whether this association is a cause or a consequence of
ventricular failure. Different groups have demonstrated
clinical recovery of RV function and resolution of tricuspid
regurgitation after the 2-stage Jatene operation as an alter-
native to cardiac transplantation.12,13,28,29 However, reopera-
tions to tighten or loosen the band were necessary in some
cases to prepare the left ventricle to tolerate systemic pres-
sure. We believe that the adjustability of the hydraulic cuff
might be more effective in training the subpulmonary ven-
tricle in a shorter time, not only by avoiding reoperations for
band adjustment but also by allowing the fine tuning of the
systolic overload over that ventricle in response to a pa-
tient’s hemodynamic status. Perhaps our model of variable
and progressive systolic overload could favor a healthier
hypertrophy of the subpulmonary ventricle when compared
with the conventional stationary banding, in which the sys-
tolic stress is abrupt and constant. The gradual increase of
the RV overload allowed not only progressive tolerance to
the PT banding but also generated pressures even greater
than that of the left ventricle after the training period. Future
studies using molecular biology as a tool to assess markers
of pathologic hypertrophy might compare several training
programs for the subpulmonary ventricle. The main goal
would be minimum cellular damage and maximum effi-
ciency of the pulmonary banding.
Conclusion
The device proposed in this article is biocompatible and
easily implanted. It was efficient in performing the adjust-
able PT banding percutaneously. The systolic overload im-
posed by the device enabled the rapid hypertrophy (96
hours) of the subpulmonary ventricles of the animals stud-
ied. This treatment might allow the preparation of the sub-
pulmonary ventricle for the 2-stage Jatene operation not
only in patients with TGA beyond the neonatal period but
also in those who present with systemic ventricular failure
in corrected TGA or after failed atrial baffle operations.
We thank Nelson Correa, Jr, laboratory technician, for his
collaboration during the protocol.
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